East Grinstead and Metropolitan Ear, Nose and Throat Hospital): I propose to limit my remarks to the use of hypotensive drugs in operative surgery to produce a relatively bloodless field. I shall refer almost entirely to hexamethonium bromide because I find this drug superior to any other I have used, but pentamethonium iodide has been used on several occasions, and all the preliminary work was done with it. The effect on bleeding is achieved by paralysis of the autonomic ganglia causing a fall in blood pressure. To this is added the effects of posture, causing a further reduction of pressure, and an ischaemia of the raised end of the body, with a. congestion of the more dependent parts. The ischemic area is relatively bloodless.
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President-W. ALEXANDER Low, M.C., M.B., B.S., F.F.A. R.C.S. [March 2, 1951] DISCUSSION ON THE USE OF HYPOTENSIVE DRUGS IN SURGERY Dr. G. E. Hale Enderby (Royal National Orthopaedic Hospital, Queen Victoria Hospital, East Grinstead and Metropolitan Ear, Nose and Throat Hospital): I propose to limit my remarks to the use of hypotensive drugs in operative surgery to produce a relatively bloodless field. I shall refer almost entirely to hexamethonium bromide because I find this drug superior to any other I have used, but pentamethonium iodide has been used on several occasions, and all the preliminary work was done with it. The effect on bleeding is achieved by paralysis of the autonomic ganglia causing a fall in blood pressure. To this is added the effects of posture, causing a further reduction of pressure, and an ischaemia of the raised end of the body, with a. congestion of the more dependent parts. The ischemic area is relatively bloodless.
This work is experimental, and the drug shbuld be used with caution -until its full possibilities have been explored. Its use does not necessarily mean a reduction in bleeding and it is quite unpardonable to employ it unless the full implications of autonomic paralysis are understood, and the anesthetist feels competent to deal with this condition, and to make use of it. The aniesthetist who does employ this technique must give it his undivided attention. He must make repeated blood-pressure estimations and watch carefully the pulse, the colour and the site of operation. Only by so doing can he maintain the necessary degree of safety. Such patients cannot be left unattended even for short periods.
Dr. John Gillies states that a systolic blood pressure of about 60 mm.Hg will maintain a capillary circulation sufficient for cellular respiration and metabolism in all the vital organs provided the blood is well oxygenated, and provided vasodilatation is assured. It is therefore the vasodilator state which is important for the safety of the patient. This is a great departure from normal physiology, but it should not be judged on physiological grounds only for in anesthesia there is always a divergence from normal which must never be so great at any point as to render the return difficult or impossible. I have accepted the physiological disturbance I am producing as inevitable in order to obtain an effect which, at times, is essential. This may make all the difference to the success of the operation, and may enable the anesthetist to take a greater share in this success or failure, and therefore a greater pride in his work. I feel, too, that provided the ill-effects from this technique are not greater than the ill-effects which we observe from-what is known as a normal anesthetic, then we are justified in proceeding. At the same time it is well to bear in mind that what we have come to consider a normal antsthetic does not mean a normal blood pressure. A study will show that the usual anaesthetic and surgical procedures practised on patients are themselves liable to cause wide fluctuations in blood pressure, the effect most commonly observed being pressor.
Technique.-The effects of posture: When vasomotor control has been abolished by hexamethonium bromide the adoption of a posture which allows blood to gravitate into the legs will reduce blood pressure. The reverse Trendelenburg and the lateral and prone jack-knife positions are examples of this. This is the basis of the operating theatre technique.
The outline of the anxesthetic and the management of such a case is as follows:
Premedication is by omnopon and scopolamine, or morphia and atropine if over 60 years of age. Induction is by intravenous thiopentone and for intubation is assisted by a muscle-relaxant drug. These drugs do occasionally assist the autonomic ganglionic blocking action of the methonium compounds. Maintenance of anxesthesia is by nitrous oxide and oxygen (2: 1) in a semi-closed circle absorber, assisted occasionally by very small doses of ether, but intermittent thiopentone is the basal anaesthetic delivered through a Gordh needle which is always used. Most commonly this is placed on the dorsum of the foot, but other useful regions are the antecubital veins and those on the dorsum of the hand. Cyclopropane is avoided. Trichlorethylene appears to be good, but usually there is no need for agents stronger than nitrous oxide in the conduct of these cases.
OCT.-ANAESTH. 1 When anmsthesia has been stabilized and the patient is on the operating table the correct posture is adopted and the drug given. The initial dose of hexamethonium bromide varies with age and pre-operative blood pressure, the normal young adult receiving 50 mg. and the effects assessed in three minutes. Patients over 40 receive 30-40 mg. and hypertensives, arteriosclerotics and those' over 60 begin with 20 mg.
There are two distinct manceuvres which must be employed to obtain a dry surgical field. One is to lower the blood pressure to the optimum of 55-65 mm.Hg, the other to elevate the site of ipperation. This causes the.:.dpendent parts to become congested with prominent veins whilst the elevated part is pale and ischlemic. Sir Henry Dale has very aptly described this as "postral ischlmia", and I would emphasize that it is a most important factor in reducing bleeding. For operations on the'head and neck and upper part of the trunk, the patient is tipped into the reverse TTendelenburg position after havingmrnade sure ofan adequate foot rest to the operation table. This position fulfils both requirements. The degree, of reverse Trendelenburg tilt varies with the response of patients to the drug. The young healthy patient who has received an initial dose of 50 mg. usually shows an increase of pulse-rate to 120-140 per minute and postural hypotension is not profound. Further doses of hexamethonium bromide up to a total of 150-200 mg. are occasionally necessary, and the maintenance of extreme posture is essential to preserve hypotension of a surgically useful degree. In Fig. 1 there was a steep reverse Trendelenburg position and the initial dose of pentamethonium iodide had to be supplemented on three further occasions up to a total of 80 mg. The pulse-rate rose from 70 to about 120. The postural ischlmia was excellent, and of great assistance surgically. The older patient, particularly if hypertensive and arteriosclerotic, shows little rise of pulse-rate, indeed occasionally a bradycardia, and the postural hypotension is profound. This type of patient may require an increase of an initially small dose of hexamethonium bromide but a moderate degree of posture suffices to maintain an adequate hypotension which when once stabilized at the optimum shows little tendency to alter for half to one hour. This type is much easier to manage when once stabilized, but the initial response to the drug can be dramatic, and needs most careful watching. In Fig. 2 a moderate posture was sufficient to produce an optimal hypotension. The pulse-rate remained steady at 80-90 per minute which was little different from the normal pre-operative level. The postural ischcmia was excellent, and the forehead flap was never congested, or showed other signs of circulatory embarrassment.
HEXAMETHONIUM
In Fig. 3 it proved impossible to maintain an adequate hypotension and the surgical field received only moderate assistance.
With a patient in the steep reverse Trendelenburg position the possibility of cerebral ischemia is vitally important. In all my cases, and more particularly when in this position, I have carefully controlled the hypotension to 55-65 mm.Hg and have not observed any effects either during the operation or afterwards which might lead me to believe the brain was damaged, or had been working under a dangerous handicap. The abdomen and pelvis are more difficult regions to render ischemic. In the upper abdomen a slight reverse Trendelenburg tilt assisted by a little elevation of the gall-bladder bridge is sufficien't to produce an optimal hypotension akter.-the incision has been made. The incision releases the negative pressure normally transmitted to the abdominal cavity by the respiratory action of the thorax and diaphragm, and so reduces the venous return to the heart and the blood pressure. For upper abdominal intraperitoneal operations the existence ofa low pressure assists the surgeon, although they are not usually bloody operations. The raising of the gall-bladder bridge ip these cases is a most potent factor in producing hypotension. This has been observed by other workers using different techniques, e.g. epidural and spinal blocks. When the site of operation is on the lower trunk or in the pelvis, there is a conflict in principle between the need to tip one way to reduce the blood pressure and the other to drain the area. Thus in the pelvis it is best to have half of each, and to maintain a horizontal position, assisted by lowered legs only. In this way it is often possible to maintain an adequate hypotension, but it is impossible to obtain much postural ischemia.
Perineal operations where the legs are raised in the lithotomy position present another problem. I would like -the gynucologists to work with the patient in the prone jack-knife position. Elevated legs raise the blood pressure, and at the same time the blood drains from them into the operation area. Consequently it may be impossible to obtain an optimal hypotension, and there is never any postural ischlmia. However, bleeding is often reduced enough to be of assistance surgically, but the effect seldom compares with that observed in other regions where drainage can be employed. Furlhermore', at the 'end of operation when the legs are lowered the blood pressure may fall alarmingly, and may require assistance from a vasoconstrictor such as methedrine to restore it to a safe level.
With the patient prone it is possible to employ the jack-knife position on a suitable operation table. This position causes a profound fall of blood pressure, often without extreme posture. One effect is noticed consistently, that operations on the spinal canal encounter marked venous bleeding, especially in the lumbar and sacral regions. The venous nature is quite obvious, and has on many occasions caused me to check the oxygenation of the patient. It is considered that in this position there is back pressure via the abdominal veins on to the dural veins which, therefore, are more prominent and bleed easily. This controlled hypotension is primarily a redistribution of blood so that venous channels are fuller than normal unless they are drained, and here is the reason for elevating the site of operation because by so doing the venous blood drains to the more dependent parts. If in these cases the patient can be placed in a position which relieves the pressure on the abdomen, and at the same time allows drainage to occur, himorrhage should be reduced.
I have now dealt at some length with the postures employed to reduce blood pressure and obtain an ischlmic field. All these entail lowering the legs and pooling the blood., Pooling is perhaps too forceful a description because there is no reservoir action which the name implies, but rather a reduction of venous return to the heart, which factor is responsible for all the effects observed in all the various positions. It appears probable that the greater the capacity on the venous side of the peripheral circulation, the lower will the blood pressure fall. This may account for the greater fall observed in older patients. Here it is necessary to bring to your attention one further factor of great importance, and not widely realized.
Positive pressure respiration, either controlled or assisted, will, in the absence of vasomotor control, produce a-great fall in bloodpressure.' This factor was; responsible.for many strange things observed from time to time before it was understood, but, now its importance has been realized, it has on occasions been used with advantage to maintain an adequate hypotension.
Here again its mode of action is probably the same as posture, namely by raising the intrapulmonary pressure, the venous return to the heart is diminished, and at the same time the suction and force pump action of the thoracic wall and diaphragm are no longer operative, and there is a reduction in the venous return.
The state of the cardiac muscle during hypotension is vitally important. Electrocardiographic studies in normal and hypotensive states have been performed by Dr. Douglas Robertson. In the small series which he has so far investigated there has been no evidence of coronary ischaemia in either young or old patients when the pressure has been between 60-70 mm.Hg.
Dangers ofthis technique.-The response may be, and in the older patient often is, dramatic, and the blood pressure, even with a minor degree of posture, falls very low. It is seldom necessary to reduce B.P. below the level of 55-65 mm.Hg. When the B.P. falls below this it can be restored by reversal of posture, and if necessary by a vasoconstrictor such as methedrine. If I have to use metbedrine I use only 4-8 mg. intravenously,4whicl is usually enough to return the pressure to the desired level. Doses larger than this cause a greater rise of pressure with the danger of reactionary hkmorrhage.
Another great danger arises from hxmorrhage. Let me stress that this will, in the absence of vasomotor control, lead to an incre<dibly severe hypotension. When produced in this way hypotension is dangerous, for there is no longer an adequate volume of blood in the circulation. It is most essential to replace blood loss by an equivalent volume, and this will immediately restore the original pressure. This effect of intravenous replacement is dramatic, and is one which I sometimes employ as an indication of the vascular requirement in those cases where I know, because of posture or other factors, I shall encounter bleeding during the course of an operation. Let me stress also that when the drug has once been given to a patient for better or worse it will be there for the next three to four hours, during which time it will be effective. The blood pressure can be restored by methedrine or other vasoconstrictor, but this does not replace the vasomotor control which the body has lost. Under these circumstances the anresthetist must act as interpreter of the body's needs, just as he does for more obvious requirements during unconsciousness. I would stress again that a vasoconstrictor is no substitute for vasomotor control.
The last danger is an inadequate airway. This is fundamental in anasthesia, but it is even more essential when pressure is low, for in this condition oxygen deficiency will strike with deadly accuracy.
This technique has been used in 250 cases (Enderby, G. E. H., and Pelmore, J. F., 1951, Lancet (i), 663). When it is possible to combine a hypotension of 55-65 mm.Hg with an elevated site of operation, bleeding is minimal. Using hexarpethonium bromide 85% of patients can be controlled at 55-80 mm.Hg and even at the relatively high pressure of 80, bleeding isoften, considerably reduced, and haemostasis more quickly.. and satisfactorily obtained. Reactionary hEemorrhAge does not appear to be increased, but it is essential to ensure a slow return of blood pressure to guard against this.
In conclusion I would again draw the attention of those who intend to use this hypotensive technique to the dangers of vasomotor paralysis. These are:
(1) Uncontrolled hypotension with a pressure below 55 mm.Hg.
(2) HTemorrhage which will quickly lead to a severe and dangerous hypotension. The idea of lowering the blood pressure in order to produce a bloodless field for operation is not a new one; indeed, it was early found that, when chloroform was used,lhemorrhage was less than when ether was the anxsthetic administered. However, there are a number of dangers associated with lowering the blood pressure and, although most surgeons would probably prefer a bloodless field for every operation, in the vast majority of cases the patient's best interests can be served by maintaining the blood pressure as near normal as possible, and by correcting blood loss by transfusion. In certain cases, however, the technique of controlled hypotension may be justifiable: when, for instance, an operation is required to correct some disorder which is niaking the patient's life miserable, and when the success of that operation is put in hazard because the surgeon cannot obtain a sufficiently clear field in which to exercise his skill. In such a case, it may be, not only that controlled hypotension may become a recognized practice, but also that the use of pentamethonium, or some similar -drug, may commend itself to anxsthetists more than spinal analgesia, or heavy basal narcosis, partly because it seems to be more easily controlled, and partly because it may not entail some of the risks, both operative and post-operative, which are associated with the other methods.
Pentamethonium iodide.-Pentamethonium iodide (bis-trimethylammonium pentane diiodide) entered the anesthetist's ken clinging to the skirts of its bigger sister, decamethonium iodide. This entry was heralded by Organe, Paton and Zaimis (1949) in a paper in which the muscular relaxant action of decamethonium was described. It was there stated that pentamethonium or "CS" was the antidote to decamethonium or "CIO". It was also stated that, in doses of 20 to 40 mg. intravenously, pentamethonium did not alter the blood pressure of conscious persons in the supine position, but did render such persons posture sensitive, falls of 20 to 35 mm.Hg occurring when they stood up. It was therefore thought that this drug might be used to reduce blood pressure and hlemorrhage, especially in hypertensive patients, in whom the effect was expected to be more dramatic, but also in others, taking advantage of postural sensitivity. The first case was undertaken in July 1949; the first intimation in the Press being an article (Davison, 1950) in which it was sought to warn anesthetists against the use of pentamethonium as an antidote to decamethonium, since it was found, contrary to the findings of Arnold and Rosenheim (1949b) , that, in the anxesthetized patient, a profound fall in blood pressure was likely to occur, not only in hypertensives, but in others, and in spite of postural safeguards (Figs. 1, 2, 3, 4). Although not hypertensive and in a 5 degrees head-down position, the systolic blood pressure fell to 80 mm.Hg after pentamethonium 5 mg. Respiratory tidal volume was measured by a flow-rate meter. The pentamethonium was followed by a fall in tidal volume from 400 to 225 c.c., and raising the blood pressure with methedrine did not reverse the respiratory depression.
. Although not hypertensive and in a 15 degrees head-down position, pentamethonium 20 mg. reduced the systolic blood pressure to 50 mm.Hg. The first dose (10 mg.) had no effect on the blood pressure. A combination of deca-and penta-methonium was used to secure abdominal relaxation and reduction in hvmorrhage. (3) Finis. Although not hypertensive and in a 20 degrees head-down position, the systolic blood pressure fell to 60 mm.Hg after pentamethonium 10 mg. There was marked "wandering" of the pulse-rate. No other relaxant drug was required.
The effect of pentamethonium may be summarized thus: (1) profound fall or postural sensitivity of the blood pressure; (2) muscular relaxation; (3) dilatation of the pupils; (4) disturbance of cardiac function; (5) respiratory depression.
It must be stressed that pentamethonium is extremely variable, both in the distribution of its action among these effects, and in the dose required to produce any or all of them.
Effect of hypotension in reducing hwmorrhage.-First, it is pertinent to ask why lowering the blood pressure should decrease haemorrhage. That it does so is a clinical observation, whether the cause be shock or hemorrhage, or high spinal analgesia or pentamethonium. Indeed, if both spinal block and pentamethonium act by interrupting vasoconstrictor impulses, the arteriolar relaxation, by lowering peripheral resistance, should increase the flow rate and also the haemorrhage. Such skin temperature (Milwidsky and de Vries, 1948) and plethysmographic studies (Arnold et al., 1949a) as have been done suggest that this may be the case, at any rate in the area to which these tests have referred. The blood pressure (P), flow rate (F) and peripheral resistance (R) are linked by the formula, P = R (Professor Pask, Personal communication, 1950) , and it is clear from this that, if blood pressure remain constant while resistance be halved, the flow rate must double; and, equally, if flow rate (cardiac output) remain constant, blood pressure must be halved.
In view of the other effects of sympathetic block, such as venular relaxation, which would lead to decreased return of blood to the heart, it seems likely that a lowering of peripheral resistance would decrease the blood pressure proportionately more than it would increase the rate of blood flow. An important feature in the production of a bloodless field is the posture of the patient. If it be assumed that, in the horizontal person, the blood be distributed between the cephalic and caudal portions of the body in the proportion 1: 2, it can be shown that a head-down tilt of 15 degrees will cause little alteration in the distribution of blood if the blood pressure be 200 mm.Hg; but that, if it be only 30 mm.Hg, such a head-down tilt will produce a marked alteration in the distribution of the blood, three parts going cephalwards while only two parts go caudalwards. The effect of gravity upon the blood becomes progressively more marked as the blood pressure falls; when the blood pressure is low, relatively more blood passes through the dependent portions of the body, and haemorrhage is therefore less in the more elevated parts.
The effect of gravity will also be felt upon the venous blood, and, in the absence of heart failure or raised intrathoracic pressure, the venous pressure being low, the effect of gravity will be marked. Thus venous bleeding is also likely to be reduced by suitable posture of the patient.
Reduction in total blood flow may also be effected by reduction in cardiac output, due to diminished venous return and to direct action of pentamethonium upon the heart, evidence of which is to be found in electrocardiographic tracings.
The assumption has here been made that sympathetic block produces similar vascular effects in all structures, but this assumption is probably untenable; for, while it certainly produces arteriolar relaxation in the skin, as evidenced by skin temperature, there is little evidence that the same effect is produced in muscle, bone or areolar tissue. The evidence is that the vascular bed of muscle may be very different in its reactions from that of other tissues (McDowall, 1950) . When assessing reduction in hmemorrhage, attention is almost necessarily directed to muscle masses. The possibility of a diversion of blood from muscle and, perhaps, other tissues must be borne in mind. In this way, the result of skin temperature tests and of the plethysmographic studies of Arnold et al. (1949a) could be understood. The latter made use of a digital plethysmograph, and showed that pentamethonium increased volume and shortened filling time, but the amount of skin in such an experiment is disproportionately large and the finger contains no muscle.
It may even be that blood flow through the kidneys is increased at the expense of the rest of the body, although such work as has been done with tetra-ethyl-ammonium bromide suggests that this does not occur (Aas and Blegen, 1949) .
The hypotensive effect of methonium. compounds.-It is interesting to draw a parallel between the hypotensive effect of pentamethonium and that of decamethonium. Pentamethonium usually produces a profound fall of blood pressure in the anwesthetized patient, and this effect is usually more dramatic in hypertensives. The dose required to produce a 50% fall in the systolic pressure is often as little as 5 mg., but may be as great as 60 mg. (Figs. 1, 3, 4) . The duration of the effect may be anything from a few minutes to an hour. Postural sensitivity may be present for an hour or more. In some cases, no fall in blood pressure can be obtained, as in a case, recently reported by Freeman (1950), of a hypertensive girl of 16. Professor Pask (Personal communication, 1950) has suggested that she may have been one of those cases of aortic hypertension described by Wiggers (1944), and this might Section of Ancesthetiwc 835 account for sympathetic block failing to lower the blood pressure. Great variability in the effect of pentamethonium is sometimes to be found even in the same patient at different times (Fig. 2) .
On the other hand, a fall in blood pressure after decamethonium is uncommon, but it may occur, and this fall is occasionally profound. The duration of the fall, as with pentamethonium, is variable, and postural sensitivity appears to remain for at least an hour. In one case, decamethonium having been used for endotracheal intubation, an operation lasting one hour was performed on the neck. The patient was then held in a sitting position to apply the bandage. Syncope occurred, but recovery ensued on regaining the horizontal. Not only is there a variation between patients, but the same patient may respond by a fall in blood pressure to an initial dose of decamethonium, while subsequent doses have no effect (Fig. 5 ). The effect of both decamethonium and pentamethonium in lowering the blood pressure is rapidly reversed by methedrine, ephedrine or adrenaline (Arnold and Rosenheim, 1949b) (Figs. 2, 3) .
There is thus a distinct resemblance between decamethonium in the occasional patient and pentamethonium in the generality of patients.
Muscular relaxation.-There is a form of muscular relaxation which is common, but not invariable, after the administration of pentamethonium, and use has been made of this in a number of cases, anaesthesia being maintained in the first plane of the third stage and no other relaxant drug being used. This form of relaxation is peculiar; it presents more the feature of diminution in muscle tone than of true paralysis. The relaxation persists so long as respiration be quiet, but disappears completely if coughing or breath-holding occur (Figs.  1, 4, 6) . On the other hand, with decamethonium, the first effect is true muscular paralysis, but there is great variability in the dose required to achieve this, and the occasional case is seen in which it fails to occur, even after large doses. A dose of decamethonium which produces effective relaxation of the abdominal muscles is likely also to paralyse the muscles of respiration, but the latter recover in a comparatively short time, while the abdominal relaxation usually continues for a considerable period, provided that respiration be easy. If the airway be obstructed, or if coughing or breath-holding occur, the abdominal relaxation disappears (Fig. 7) .
At this point, it may be worth while to consider the effect of mephenesin ("Myanesin", B.D.H.) in producing muscular relaxation. With this drug, voluntary movement is little affected in the conscious subject, while, in the anesthetized patient, muscle tone is reduced and relaxation is present, provided that, once again, respiration be easy. Respiratory paralysis does not occur, save for a period of seconds in certain cases in which a relatively large dose is given rapidly (Davison, 1948) , and this is probably due to the high pH of the drug.
The resemblance between the action of mephenesin and of decamethonium and pentamethonium is very marked.
Respiratory depression.-Pentamethonium may cause depression and irregularity of respiration (Barnard, 1949) . Furthermore, so-called "control" of respiration is very easy to establish, even in light anlesthesia, an effect which is also noticeable with decamethonium, with which drug passive ventilation may be maintained without difficulty long after paralysis of the respiratory muscles has worn off (Figs. 1, 3, 6) .
Sites of action.-Thus, the pharmacological action of pentaand deca-methonium has marked similarity, although the emphasis-differs. It may be imagined thit there are three sites of action for these drugs, (1) at the myoneural junction, (2) at autonomic ganglia, and (3) in the spinal cord. The muscular paralysis of decamethonium is apparently due to action at the myoneural junction . The fall in blood pressure which occurs usually with pentamethonium and occasionally with decamethonium is due to peripheral vasodilatation, probably from block at autonomic ganglia. The occurrence of pupillary dilatation after the administration of pentamethonium (Davison, 1950; Enderby, 1950; Ball, 1950) may also be a sign of action on the autonomic system, which is not without interest in considering cardiac upsets, three forms of which seem to occur with this drug:
(1) "Wandering" of the pulse-rate, without any obvious changes in the electrocardiographic record; the pulse-rate may vary considerably within a few minutes. Fig. 2.) (2) Extrasystoles, alteration in the site of the pacemaker and other arrhythmias.
(3) Depression of the S-T interval, suggesting coronary insufficiency. These effects may all be evidence of action of the drug on the autonomic system (Figs. 4, 8) .
The "late" relaxation with decamethonium and the relaxation with pentamethonium and mephenesin are suggestive of action in the spinal cord. This curious state of reduced muscle tone, with little interference to voluntary movement, or, in the anesthetized patient with little interference to respiration, may be explicable in this way. There are other reasons for assuming that mephenesin has a site of action in the spinal cord, and its action in tetanus (Davison et al., 1949) is not the least of these.
In this connexion, Paton and Zaimis (1950) have shown that the action of decamethonium at the myoneural junction is similar to that of a large dose of acetylcholine; it being known that, while small doses of acetylcholine excite, massive doses depress, muscular activity. Earlier work has shown that small doses of acetylcholine augment, while larger doses depress, certain spinal reflexes, including the knee-jerk (Schweitzer and Wright, 1937; Merlis and Lawson, 1939; Biilbring and Burn, 1941) . It is some reflex not dissimilar from that which produces the knee-jerk which is responsible for the maintenance of muscle tone. It thus seems possible that the "methonium" effect in producing muscular paralysis at the myoneural junction and in producing diminished muscular tonet by action in the spinal cord may be due to similar mechanisms. Something of the sort may be thought to occur at autonomic ganglia, and recent work tends to show a like difference in the effect of acetylcholine on the heart (Biilbring and Burn, 1949) , so that the cardiac upsets might be explicable in a similar way.
Pentamethonium as an antidote to decamethoniumn.-In the above circumstances, it is somewhat surprising that pentamethonium should be considered antagonistic to decamethonium. There seems to be some evidence for this (Organe, Paton and Zaimis, 1949) , but the matter is not yet conclusively proved. Injection of decamethonium does not prevent hypotension on administration of pentamethonium, whatever be the effect on muscular relaxation. A combination of the two drugs has frequently been used in order to produce both relaxation and a fall in blood pressure, and the alleged antagonism does not appear to be convincing (Fig. 2) .
Hazards.-The greatest danger from such drastic alterations to the circulatory system is anoxic damage to the brain, and herein lies the importance of maintaining a head-down tilt, or, at the very least, of avoiding elevation of the upper part of the body. Reference to the formula (F R) shows that a foot-down tilt of 15 degrees decreases the proportion of blood in the cephalic portion of the body from one-third to one-seventh, and it is more than likely that such a reduction in blood flow will, sooner or later, lead to disastrous consequences.
If too low a blood pressure be maintained for too long a period, there is danger of renal ischaemia. The effect of pentamethonium is rapidly reversed by methedrine, but there may be difficulty in maintaining the exact level required. ft should be stressed that, provided good use be made of posture, it does not seem necessary to lower the blood pressure below 80 mm.Hg to obtain adequate reduction in capillary hxmorrhage. It had been hoped that, like spinal analgesia, pentamethonium would increase, rather than decrease the renal blood floW, but such work as has been done with a similar drug suggests that this may not be the case (Aas and Blegen, 1949) .
Reactionary haemorrhage, occurring on recovery of the blood pressure to normal, especially when this has occurred rapidly, is a possible danger.
It might be expected that cerebral thrombosis would be caused by the serious alteration in hMmodynamics, the more so because the effect of pentamethonium is very.marked in hypertensives. One such case has occurred; this was a man who, although a grave risk, made a satisfactory immediate recovery from operation, but died suddenly four hours later, death being found at autopsy to be due to cerebral thrombosis.
The electrocardiographic records suggest that there is a risk of cardiac failure, either from interference with coronary blood flow or from disturbance of the conductive mechanism of the heart. In this regard, the use of methedrine, although less dangerous than ephedrine or adrenaline, cannot be considered perfectly safe, especially if the heart has been sensitized by cyclopropane, trichlorethylene or chloroform. Disturbance of respiration is not without danger. Most anwsthetists.to-day are only too familiar with complete cessation of respiration, and this would cause little embarrassment; small degrees of respiratory depression are often disregarded and herein lies danger (Fig. 3) . Furthermore, since pentamethonium apparently blocks sympathetic impulses, it may be a factor in producing bronchospasm, and its use with one patient who Was subsequently discovered to have been an asthmatic, was followed by death from massive pulmonary collapse. In this case, thiopentone and cyclopropane were also administered, and, as they are both parasympatheticomimetic in action, the part of the pentamethonium in producing a fatal outcome is difficult to assess, but it is worthy of note that a similar case has been reported after the use of tetra-ethyl-ammonium bromide (Sciwarz, 1949) . It should be emphasized that h-emorrhage may still occur in the hypotensive patient from injury to large vessels, and such a patient is in a poor state to react to this added burden.
Therefore, it should be said and must be clearly understood, that, while the technique of controlled hypotension displays a picture full of inviting possibilities, sinister shadows still mar the landscape, and this technique must be much more fully tested and tried under controlled conditions before its use be extended.
ABSTRACT.-Pentamethonium iodide (bis-trimethylammonium pentane di-iodide), when given intravenously to anesthetized patients, may produce (1) profound fall or postural sensitivity of the blood pressure; (2) muscular relaxation; (3) pupillary dilatation; (4) disturbance of cardiac function; and (5) respiratory depression.
Hypotension and decreased hxmorrhage at operation seem to be associated. This may be due (1) to the greater effect of gravity on the distribution of blood when the blood pressure is low; and (2) to the effect of gravity on venous blood. Less certain factors may be (3) reduction in cardiac output due to (a) direct action of the drug on the heart, and (b) diminished venous return; (4) discriminatory peripheral vasodilatation in which the muscles (and, perhaps, some other tissues) play no part; and (5) discriminatory arteriolar relaxation in such organs as the kidney.
The effects of pentamethonium and decamethonium are compared and the variability of response is stressed. It is suggested that these drugs act (1) at the myoneural junction; (2) at autonomic ganglia; and (3) in the spinal cord. The action of acetylcholine at these sites suggests a similarity of mechanism in production of myoneural block, reduction of spinal reflex tone and, possibly, of cardiac upsets.
The hazards associated with this technique are stressed. They are thought to be (1) cerebral anoxia, especially likely to occur if a foot-down tilt be adopted; (2) renal ischemia; (3) reactionary hkemorrhage; (4) cerebral thrombosis; (5) cardiac failure; and (6) respiratory upsets, especially massive pulmonary collapse.
Whether this technique has any place in surgery is a question which must await further trial under controlled conditions. The high position of the head in fenestrations makes for awkward working angles. It is hoped that further development will overcome this disadvantage. Sometimes the method fails to ensure'hxmostasis, and if the pressure returns too rapidly, bleeding may occur post-operatively, as it did with one thyroidectomy.
There should be complete co-operation between anmsthetist and surgeon in all phases of the management of a case, and it is not a technique for the inexperienced-surgeon or anxsthetist. Hemostasis must be complete and absolute and «he surgeon who adopts this method must be meticulous in the control of all bleeding points-no matter how small-for a trickle may become a torrent when the pressure rises. Large vessels should be ligated before their division, as large vessels will still bleed, and blood loss must be prevented, if possible. Blood loss should be made up by blood transfusion-and here the anesthetist co-operates with the surgeon. Therefore, suitably matched blood should be available.
When "bloodless field anaesthesia" is employed by a team experienced in the technique, the surgeon gains great advantages in carefully selected cases. Dr. Mita Barnes showed 4 charts out of a series of 150 cases to illustrate the reaction to pentamethonium iodide in different age-groups. This was in marked contrast to spinal block and other ganglionic blocks such as curare in which the dose of drug seemed to depend chiefly on the weight of the patient. With pentamethonium iodide age seemed to be the determining factor, though it was impossible to forecast the amount of the drug required to produce a fall in blood pressure. It may depend on the level of adrenaline in the circulation, which is higher in young people than in old, or in some other hormonic factor.
The charts also illustrated that the fall in blood pressure did not depend on the position of the patient, and all the patients in the series had been operated on in the horizontal position.
One chart showed a resection of a mandible on a man of 67 under pentamethonium iodide, in which a severe hemorrhage from the internal maxillary artery was experienced towards the end of the operation. The patient showed no signs of shock and it was thought that perhaps pentamethonium iodide might be of value in the treatment of shock, buffering the circulation against gross trauma and hemorrhage.
There was only one death in the series, and that was from reactionary hemorrhage ten hours after the operation.
Dr. R. P. W. Shackleton (Winchester) said that he and his colleagues had experience so far of over two hundred cases without apparent ill-effects. The technique was still in the experimental stage, but results gave such attractive operating conditions that there was a danger of surgeons demanding hypotension in unsuitable cases. Taking one of the possible dangers raised by Dr. Armstrong Davison (that of renal damage) he gave figures suggesting that qualitatively there was no reduction in renal excretion even after prolonged and profound hypotension produced by autonomic ganglion block. Finally he gave details of a case, of which he had seen the notes, which had ended fatally. The patient had had an extensive neoplasm which turned out to be inoperable. Severe hemorrhage was successfully controlled by the use of hexamethonium bromide, but the patient died two days later. No attempt had been made to raise his blood pressure which had remained between 50 and 70 mm. systolic until he died. This, combined with the use of the drug late to control hemorrhage after some blood loss, rather than giving it early to prevent it, were two errors in technique which probably hastened the unavoidable death. Dr. Enderby had clearly indicated certain basic principles which demanded strict observance. He ended by urging the careful selection of suitable cases.
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Proeedings of the Royal Society of Medicine 42 Dr. C. F. Scurr: During early trials of methonium compounds at Westminster'Hospital, it quickly became apparent that pentamethonium iodide was I powerful hypotensive agent.-I therefore used it successfully to control hemorrhage in otological operations. The first reference to the use of pentamethonium iodide in this way was made in Dr. Geoffrey Organe's 1949 Presidential Address to this Section (Proc. R. Soc. Med., 1950, 43, 181) .
The method was extended to a variety of operations, e.g. sympathectomy, mastectomy, thyroidectomy.
Blood pressure was check'ed by direct arterial manometry. These readings confirm what Enderby said about adverse effects of controlled respiration.
Optimal results are obtained with 60 mm.Hg systolic pressure, but it may fall lower and be difficult to check. In such cases, we have found valuable the cardiotachometer lo aned by G/Capt. Soper. This is based on the electrocardiograph, and selects the highest voltage impulse, the R wave, causing a neon light to flash with each heart beat; pulse-rate is shown on a dial. It is a great comfort to have this continuous visual indication of a regular heart beat in these hypotensive cases.
Dr. John Gillies discussed in general terms the state of induced hypotension. He considered that the optimal level of blood pressure for the patient's safety and the surgeon's convenience was 70 mm. to 80 mm.Hg. In most operative fields, especially if advantageous posturing of the patient is possible, the difference in bleeding associated with pressures of 70 mm. and 50 mm.Hg is usually not significant. Hemostasis is easier in ischaemic tissues but must be meticulous if reactionary heemorrhage is to be avoided. A test dose of 5 mg. methedrine given before closure of a wound was advised as a useful measure to discover potential bleeding points. The relationship of prolonged low blood pressure to renal failure offered no problem so long as blood volume remained normal and good oxygenation was maintained. This was compared with hypotension due to haemorrhage where anoxia arising from compensatory vasoconstriction may more readily contribute to renal and hepatic failure. Dr. A. H. Musgrove had used pentamethonium bromide to produce hypotension in a variety of surgical procedures. It was particularly useful in laryngectomy, excision of pharyngeal diverticula, and removal of malignant glands of the neck. Mr. R. D. Owen, former President of the Section of Laryngology, was convinced that "Elective Hypotension" produced in this way had so simplified block dissection that cases formerly considered most hazardous can now be operated on, with comparative ease and comfort.
Small doses of methedrine should be given before closure to encourage bleeding so that all bleeding points may be ligated.
No posture had been used, and so far none of the dire sequelae mentioned by Dr. Armstrong Davison had been encountered.
Dr. J. B. Wyman: At Westminster Hospital, I have now had an extensive series of cases using pentamethonium iodide. I find there are three factors which govern the initial doses.
(1) Stability ofbloodpressure.-The patient with a labile blood pressure requires a smaller dose to produce the same effect than would a patient with a stable blood pressure. The patient's reaction to pentothal serves as a good guide. * (2) Age.-In old patients, a small initial dose produces a profound effect. In the young, a large initial dose, plus the effect of gravity, is required.
(3) Metabolic rate.-In people with raised metabolic rates, a large initial dose and large maintenance doses are given.
My initial dose has varied between 20 mg. and 100 mg. and my total dose has, on occasion, exceeded 300 mg. In order to dry the operating area successfully, it is advisable to position the patient as early as possible and I use a tilting anesthetic'trolley. [April 6, 1951] Analgesics as Supplements During Aniesthesia By WILLIAM W. MUSHIN, M.B., B.S., F.F.A. R.C.S.
Department of Anasthetics, Welsh National School of Medicine GENERAL anmsthesia as known to-day consists partly of pain relief to the patient, and partly of facility of operation to the surgeon, with an overall necessity of the minimum of hazard to the patient's life and health.
Unconsciousness is still an inevitable accompanimnent of general anasthesia, since we do not yet possess a drug which, when administered systemically, depresses peripheral pain perception in a way comparable to that in which curare interrupts motor activity.
